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Background: Acute respiratory distress syndrome (ARDS) is one of the most serious and fatal 
diseases in intensive care units throughout the world with high mortality rates. The mode airway 
pressure release ventilation (APRV) showed significant outcomes when used with ARDS 
patients mainly resulting in mortality reduction. There are no studies have tested the knowledge 
and perception regarding APRV and ARDS besides the APRV prevalence in Saudi Arabia (SA). 
 
Purpose: This study was aimed to survey respiratory therapists (RTs) as they are the most 
involved practitioners for this type of disease and assess their knowledge and perception of using 
APRV on patients with ARDS and explore the prevalence of using APRV mode in the Eastern 
Province (EP) of SA. 
 
Methods: A cross sectional study was designed as self-administered survey based on current 
literature and research. The survey was examined for face validity by five respiratory therapy 
educators from Georgia State University. The survey instrument includes three sections to collect 
data from participants. The population of this study was a non- probability convenience sample. 
Participants were limited to RTs only and all other healthcare providers were excluded. An 
online link was sent to 116 RTs from six hospitals, divided equally to three government and 
three private hospitals. 
 
Results: A total of 52 returned surveys were received with a response rate of 44.8%. The 
majority of participants were bachelor’s degree holders (90.2%). Also, majority of them had less 
than eight years of experience (78.4%). Our results revealed that the RTs had a moderate amount 
of knowledge about ARDS and APRV mode (63.2%). The vast majority of hospitals in the EP 
were provided with APRV mode (96.1%). Significantly, results showed that APRV was used by 
more than 80% of the respondents, half of whom had positive outcomes when using APRV. 
Patients with ARDS were the most common disease when APRV was applied (98%). There were 
few significant differences found between the two types of hospital therapists in terms of APRV 
usage (p=0.0002 and p= 0.006). However, other aspects like APRV-ARDS knowledge, 
perception, and ARDS protocol and practices showed no significant differences between 
participants in the two groups. 
 
Conclusion: This study showed that the vast majority of hospitals were fully supplied with the 
mode and most of the EP RTs have used the mode APRV. This study identified a gap in 
literature which revealed limited data involving RTs knowledge and perceptions with APRV 
used as treatment for ARDS. This study opens the window for further studies on RTs, involving 
APRV and ARDS in Saudi Arabia. Future research is highly recommended to be with the use of 
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What is ARDS? 
Acute Respiratory Disease Syndrome (ARDS) is one of the most serious and fatal diseases 
in intensive care units (ICUs) throughout the world (Bellani et al., 2016). This disease is 
characterized mainly by poor oxygenation, bilateral lung infiltration, and acute onset. In 1994, 
ARDS was defined by the American-European Consensus Conference (AECC) as“…the acute 
onset of hypoxemia, defined as arterial partial pressure of oxygen to fraction of inspired oxygen 
([PaO2/FIO2]£200 mm Hg), with bilateral infiltrates on frontal chest radiograph with no evidence 
of left atrial hypertension”(AECC,1994). One requirement for the definition of ARDS is that 
patients must show no cardiogenic edema. Acute Lung Injury (ALI) is similar to ARDS, and shares 
a similar definition and criteria, but ALI can be considered a less severe form of ARDS with a 
hypoxemia criterion [PaO2/FIO2] of £300 mm Hg (Bernard et al., 1994). Thus, all patients with 
ARDS are suffering acute lung injury, but not all patients with acute lung injury will progress into 
ARDS (Ranieri, et al., 2012). The AECC definition has provided a significant impact on clinicians 
and clinical researchers through addressing treatment and prevention of ARDS. Although AECC 
definition has advanced ARDS knowledge and practice, it has many limitations which explored 
by the Berlin definition (Ranieri, et al., 2012). 
The European Society of Intensive Care Medicine endorsed by the American Thoracic 
Society (ATS) and the Society of Critical Care Medicine (SCCM) developed what is known as the 
Berlin definition in 2011. The Berlin definition identified and introduced the AECC defintion’ 
limitations by providing new data, which included epidemiological, physiological, and clinical 
trials to address the limitations. The Berlin study defined ARDS as “a type of acute diffuse, 
inflammatory lung injury, leading to increased pulmonary vascular permeability, increased lung 
weight, and loss of aerated lung tissue, with hypoxemia and bilateral radiographic opacities, 
associated with increased venous admixture, increased physiological dead space and decreased 
lung compliance”(Ranieri, et al., 2012). ARDS patients must be identified within 7 days of 
recognition of the underlying risk factor to be regarded as an acute process. Most patients with 
ARDS were diagnosed within 72 hours, by a chest x-ray (CXR) with bilateral opacities associated 
with pulmonary edema. Also, a PaO2/FiO2 (P/F) ratio <300 with a minimum of 5 cmH2O of 
positive end-expiratory pressure (PEEP) or continuous positive airway pressure (CPAP) was 
identified. Lastly, respiratory failure should not be explained by cardiac failure or fluid overload. 
The classification of ARDS in the Berlin definition was also based on oxygenation severity. It was 
categorized based on the degree of hypoxemia by three stages: mild (PaO2/ FIO2£ 300 mm Hg), 
moderate (PaO2/ FIO2£ 200 mm Hg), and severe (PaO2/ FIO2£ 100 mm Hg) (Ranieri, et al., 2012). 
Etiology 
ARDS has many risk factors affiliated with the disease. Shaver and Bastarache classified 
the causes of ARDS into two causes: direct and indirect lung injury. Direct injury, estimated to 
cause approximately 55% of ARDS cases, was local damage to the lung tissue caused by direct 
pulmonary injury. It included but was not limited to pneumonia, aspiration, lung contusion, and 
drowning. Indirect injury, estimated by 45% of ARDS cases, was a systemic disorder that diffusely 
damaged the lung. This included sepsis, cardiopulmonary bypass, pancreatitis, drug overdose, and 
burns. Pneumonia, a lung infection caused by bacteria, viruses, and fungi, was the most common 
cause of direct injury. On the other hand, sepsis, which was a serious and widespread infection of 
the bloodstream, was the most common cause of indirect injury (Shaver and Bastarache, 2014). 
Greater understanding of the causes of ARDS among health care practitioners (HCPs), as defined 
in the United States of America (USA) as individuals who are licensed or authorized by a state to 
provide health care services, could aid in the recognition and identification of patients before they 
progress into ARDS from ALI, which could prevent further complications and improve patient 
outcomes (The NPDB Guidebook, n.d.). 
ARDS Mortality 
Since the disease was identified as ARDS, many studies have focused on its mortality. The 
mortality rates of ARDS ranged between 30% to 60% globally (Roy et al., 2013). In 2004, Brun-
Buisson et al reported that 216 (57.9%) of 401 ARDS patients studied in their trial, died. This was 
considered to be the highest mortality rate among all studies which involved ARDS over the last 
two decades. Another study conducted by Howard and colleagues between 2005-2013, collected 
data from 621 intubated patients and classified them into three groups: non-hypoxemic, 
hypoxemic, and ARDS. Of 621 patients, 183 patients developed ARDS (29.4%). In terms of 
mortality rates, ARDS group reported the highest mortality (35%), compared to (27% and 14%) 
in hypoxemic and non-hypoxemic group, respectively. Moreover, ARDS patients had the longest 
hospital and ICU stays between groups (Howard et al, 2015). The largest study conducted on 
ARDS patients was an international and multicenter study (LUNG SAFE). This study was 
conducted in 459 ICUs from 50 different countries across 5 continents. The prevalence of ARDS 
was counted as 10.4% of ICUs admission. The main outcome of the study was the incidence of 
ARDS in ICUs which was also significantly associated with high mortality rates (40.4%). Severe 
ARDS showed the highest rate of mortality among the grade of severity with a 46.1% mortality 
rate. Mild and moderate ARDS showed lower percentages (34.9% and 40.3%, respectively) 
(Bellani et al., 2016). These high mortality rates, as high as 40% to 50%, were resulted from under 
recognition of ARDS (Sun, Liu, Li, You, & Zhao, 2020). Thus, introducing new strategies to 
recognize and identify ARDS could improve patients’ outcomes. 
The variation in mortality percentages from ARDS were ambiguous and has led to the need 
for investigating the reasons why. The high rates of mortality were likely due to many reasons, 
one of which was the inconsistency in managing the disease. For example, the practice of using 
APRV versus using conventional modes of ventilation when treating ARDS patients. Another 
reason could be the variation in the levels of knowledge among HCPs to recognize and treat the 
disease. Also, the absence of a treatment plan plays a role. These factors indicate there is a 
significant variation between ARDS management and the HCPs practices leading to these high 
death numbers from inappropriate management (especially in terms of mechanical ventilation 
(MV)). 
In Saudi Arabia (SA), there is a lack of information regarding ARDS and its mortality rates. 
A study in Northern Region recruited 68 patients with ARDS characteristics. ARDS was 
confirmed by the Berlin definition in 38 of them (55.9%). Out of 38 confirmed ARDS cases, 29 
died. The mortality rate was 76.3% (Ahmed et al., 2020). 
What is APRV? 
APRV was first described by Stock and colleagues in 1987 and defined as continuous 
positive airway pressure (CPAP) with a brief release to eliminate carbon dioxide (CO2) while 
allowing the patient to spontaneously breathe throughout the respiratory cycle during MV(Stock, 
Downs, & Frolicher, 1987). The importance of spontaneous breathing was illustrated by 
facilitating CO2 removal. The study revealed the augmentation of spontaneous breathing increased 
the functional residual capacity (FRC) and improved the distribution of ventilation inside the 
lungs’ alveoli. All were visible advantages of spontaneous breathing reflected by the 
diaphragmatic contraction that opposes alveolar compression. Ventilation with APRV enhanced 
with spontaneous breathing resulted in less atelectasis formation (Hedenstierna, et al., 1994).  
In general, very few studies about ARDS across SA exist. No studies on the use of APRV 
in SA have been conducted, nor on its use on ARDS patients. It is particularly important to examine 
the impact of APRV use on ARDS patients. Overall, from previous studies, it is clear that there is 
a need to improve the management of patients with ARDS. 
Treatment 
Various treatments and strategies for patients with ARDS are often employed. 
Unfortunately, no treatment plan has demonstrated clinical efficacy. Most commonly, the clinical 
practice for ARDS is to treat the underlying cause of the disease. Since the most common cause 
of ARDS is lung injury, preventing it is vital to preemptively establish its effectiveness. To prevent 
ARDS, there are many ventilator strategies used, such as low tidal volume lung protective strategy, 
open lung approaches to ventilation, and Airway Pressure Release Ventilation (APRV). APRV is 
a new ventilatory strategy that uses an inverse ratio ventilation and has significant positive 
outcomes when used with ARDS patients mainly resulting in oxygen improvement and less 
duration on MV (Bellani et al., 2016). However, the best strategy to treat ARDS patients remains 
uncertain. APRV showed a reduction in incidence of barotrauma, a type of lung injury, when 
treating patients with severe hypoxemia, such as patients with ARDS (Lim et al., 2016). This is 
believed to be the key to avoid ARDS from happening by preventing lung injuries from happening. 
Some studies demonstrated a correlation between recognizing and preventing ALI to preventing 
ARDS (Hoegl & Zwissler, 2017). 
Statement of problem 
Overall, a paucity of research about ARDS in SA was found. As ARDS has high mortality 
rates, and because little is known about APRV usage on patients with ARDS in SA, studies are 
needed to fill in this gap. Identifying the level of respiratory therapists’ (RTs) knowledge and 
perception, and the prevalence of using APRV would be helpful in improving RTs attitudes, skills, 
and practices in the treatment and management of ARDS. 
Purpose of the study 
Due to the recent demonstrated preliminary efficacy of APRV for ARDS patients in 
western countries and the lack of information about using this mode in SA, this study is essential 
to explore, quantify, and identify to what extent of RTs knowledge and how widely the APRV 
mode is used in SA. The aim of this study is to survey RTs and assess their knowledge and 
perception of using APRV on patients with ARDS, and to explore the prevalence of using APRV 
mode in the Eastern Province (EP) of SA. This will allow for a greater understanding of the level 
of RTs’ knowledge pertaining to the APRV mode on patients with ARDS. The extent of using 
APRV mode among HCPs in the EP will be documented. This is important to determine in order 
to manage patients with ARDS properly. 
Significance of the study 
Focusing on HCPs’ knowledge about the disease and treatment is crucial and known to be 
a cornerstone of preventing ARDS mortality rates from increasing (Dushianthan, et al., 2014). 
Therefore, we conducted a survey designed to explore three fundamentals: the prevalence of using 
APRV, the perception and knowledge of ARDS and APRV among the RTs, who are the most 
involved in the disease process and its management. 
• Research questions: 
1. What do RTs in the EP know about ARDS and APRV mode? 
2. What do RTs in the EP perceive the value of the APRV mode? 
3. To what extent was the APRV mode applied to ARDS patients in the EP and is there 
difference between hospitals in terms of ARDS protocol and practices? 
4. What is the difference between government and private hospitals in terms of RTs 
knowledge and perception about ARDS and APRV? 
Hypothesis 
In this research, we hypothesized that not many RTs in SA have the knowledge to 
effectively utilize the APRV mode on ARDS patients. APRV is commonly used as a rescue mode 
in the management of ARDS. RTs knowledge about the disease and APRV management are 
significantly important. By evaluating this gap in knowledge, education materials can be created 
and used to facilitate the RTs’ understanding of the APRV mode and its efficacy. 
Summary 
This study will answer the questions pertaining to the RTs knowledge regarding ARDS 
and APRV usage on patients diagnosed with ARDS. The target population of this study are RTs 
as they are the most involved practitioners who manage MV for this type of disease. Moreover, no 
studies have tested the level of knowledge among RTs about ARDS and APRV besides the APRV 
prevalence in SA. Investigating the level of knowledge is important because a better understanding 
of the causes behind the high death numbers is needed. Moreover, APRV showed a better survival 




LITERATURE REVIEW  
INSTRUMENTS 
The literature review was performed through searching in PUBMED and Google Scholar 
databases by using the following terms: “knowledge of Respiratory Therapists”, “Respiratory 
Therapists perception”, “APRV on ARDS patients”, “ APRV use”, “ Respiratory Therapists in 
Saudi Arabia”, “ ARDS knowledge”, “APRV knowledge”, “APRV in Saudi Arabia”, “ARDS 
strategies”, and “Prevalence of APRV”. The results showed no publication in both databases in 
regard to some terms like “Prevalence of APRV” and “APRV knowledge”. However, some studies 
were found which involved RTs in SA in general, but not many studies about RTs knowledge 
regarding MV. To the best of our knowledge, this is the first study to explore the use of APRV 
mode across the SA. 
Research Questions 
In this chapter, many questions were searched in the literature. The questions were related 
to the APRV and ARDS knowledge among RTs as following: 
1. What do RTs in the EP know about ARDS and APRV mode? 
2. What do RTs in the EP perceive the value of the APRV mode? 
3. To what extent was the APRV mode applied to ARDS patients in the EP and is there 
difference between hospitals in terms of ARDS protocol and practices? 
4. What is the difference between government and private hospitals in terms of RTs 
knowledge and perception about ARDS and APRV? 
ARDS strategies 
 In the last two decades, the ARDS mortality rates have not declined and remained 
approximately 40% (Nieman et al., 2016). Many studies have indicated high mortality rates of 
ARDS (Brun-Buisson et al., 1994; Howard et al., 2015; Bellani et al., 2016). Mortality reached as 
high as 57.9% in the Brun-Buisson study. This raises concerns about the high percentages and the 
high risk of serious adverse events. Uncertain pathogenesis of the disease, treatment, mode of 
ventilation, and the low perception of ARDS among HCPs are all areas of concern that need further 
investigation. Yet, the mechanism of developing the disease is not fully understood (Sun, Liu, Li, 
You, & Zhao, 2020). Some studies suggested that the primary physiologic factor of the disease is 
alveolar edema (Ranieri, et al, 2012; Diamond, 2020; Sun, Liu, Li, You, & Zhao, 2020). Alveolar 
edema is a result of increased pulmonary capillary permeability combined with alveolar-capillary 
membrane damage (Kollisch-Singule et al., 2020). If no preventive interventions are taken, 
alveolar edema may lead to many complications including gas exchange impairment and surfactant 
function alteration which both cause the lungs to be stiff and ultimately lead to ARDS. The best 
treatment is to block the development of alveolar edema therefore lowering ARDS occurrence and 
minimizing its effects. MV is also used to treat and prevent alveolar edema, which is the main 
factor of ARDS. 
MV is known to be the most effective intervention among all methods of treating ARDS. 
Also, it is the second most frequent used therapeutic method in ICUs (Sun, Liu, Li, You, & Zhao, 
2020; Villar & Slutsky, 2010). Over the years, several ventilator strategies were tried and one of 
the most effective treatments was lung-protective ventilation strategies (LPVS). Wright mentioned 
that LPVS have four pillars: lower tidal volume, limit plateau pressure (Pplat) to less than 30 cm 
H2O, optimize PEEP to adequate levels, and limit the FiO2 to as low as possible (Wright, 2014). 
More recent data support the use of low tidal volume (6-8 mL/kg IBW) compared to high tidal 
volume (10-12 mL/kg) because of the positive outcomes in shortening ICU stays, less lung 
injuries, and lower mortality rates (Brower et al., 2000; Neto et al., 2012; Barbas, 2017). ARDS is 
mostly refractory to treatment, and the optimal mode of ventilation is ambiguous and not yet 
acknowledged (Lim et al., 2016). However, recent studies tested the use of APRV mode and found 
that it may prevent alveolar damages. Moreover, The 30 years of evolution of APRV study showed 
that there was no study with a significant negative outcome when using the APRV mode (Jain et 
al., 2016). Thus, APRV might be introduced as an effective mode of ventilation to treat patients 
with ARDS as it may reduce mortality rates, and reducing the hospital and ICU stays as shown in 
previous studies. Significantly, APRV can prevent alveolar edema that caused ventilator-induced 
lung injury (VILI) (Miller et al., 2016). 
APRV on animals 
Since the APRV mode was introduced, several studies have tested its efficacy and safety 
on animals. Studies on pigs, dogs, and rabbits were conducted before conducting a trial on humans. 
Stock et al (1987), first described the APRV mode, and found that APRV has no negative outcomes 
on the cardiopulmonary system on dogs. Not only did it improve oxygenation, but it lowered the 
partial pressure of carbon dioxide (PaCo2) levels and peak inspiratory pressure (PIP) leading to 
lower incidence of lung injury. In 2014, Carvalho et al used pig models with moderate ARDS and 
found a similar finding to Stock et al. The conclusion demonstrated APRV lowered lung injury 
and improved oxygenation when compared to conventional modes of ventilation. Carvalho et al 
findings incorporated using APRV with the augmentation of spontaneous breathing. Furthermore, 
the higher the spontaneous breathing levels, the better outcomes in terms of distribution of 
ventilation, peak and mean airway pressures, and transpulmonary pressure. Recent studies have 
tested the efficacy of this application on rats, and showed that preemptive APRV can prevent the 
factors that induce ARDS. Two groups of rats were placed on volume control mode and the other 
group on the APRV mode. The APRV group showed a significant improvement in lung function 
which results in oxygenation improvement. Also, the incidence of pulmonary edema and the 
pathogenesis of ARDS were decreased in the second group, resulting in preventing the 
development of ARDS (Roy et al., 2013). These findings highly suggest that an early application 
of APRV will result in a significant difference. 
These animals’ studies are very important and could change the trends on treating and 
preventing ARDS in humans. More research is needed to identify the efficacy of APRV on 
humans as it on animals and these can lead to improvement in ARDS management practices. 
Research suggests that the preemptive application of APRV is beneficial and can prevent ARDS 
from occurring if applied early (Jain et al., 2016). 
 
Systematic review of APRV on humans 
 
In 2016, Jain and colleagues reviewed all the last 30 year APRV studies that had been 
published in PubMed. The studies were on both human and animals. Jain et al divided human 
studies into two main categories: first, fixed-setting APRV (F-APRV) in which the release time 
is fixed and left the same with no change during ventilation period. Second, personalized setting-
APRV (P-APRV) in which a HCP manipulates and makes corrections based on changes in lungs 
mechanics by relying on the expiratory flow curve. Jain and his colleagues separated studies that 
have been done on animals from human based experiments. From the reviewed papers, it was 
found that APRV had no significant complications. However, a positive impact on oxygenation 
was found (Jain et al, 2016).  
 
Characteristics and outcomes of APRV on ARDS patients 
 
 
According to Jain et al, most published papers from 1980’s to the late 1990’s were 
completed on humans using F-APRV. These studies showed no significant improvement in 
oxygenation when comparing APRV with conventional positive pressure ventilation (CPPV). 
Oxygenation remained the same with more than 50% reduction in PIP (Jain et al, 2016). In 2001, 
Kaplan and colleagues did a crossover experiment to compare inverse ratio positive pressure 
ventilation (IRPPV) with APRV. They concluded that APRV is highly effective in lowering PIP 
and the demand for sedation and paralytic agents. Another study was done in 2001 by Putensen et 
al showed that APRV with spontaneous breathing would keep increased oxygenation and 
minimized ARDS incidence (Jain et al, 2016). Spontaneous breathing along with APRV have 
positive impacts on blood flow as proven by Hering and researchers in 2002. They found improved 
renal blood flow and increased glomerular filtration rate when patients are on APRV and are 
spontaneously breathing (Jain et al, 2016). Other than improved oxygenation, APRV is believed 
to decrease CO2 and maintains stable hemodynamics as proven in the retrospective study by 
Maung et al, in 2012. However, another retrospective case series in 2012 by Maung et al on 362 
patients and compared CPPV versus APRV, indicated that APRV increased patients’ ventilator 
days (Jain et al, 2016).  
On the other hand, studies on P-APRV from 2009 to the present showed better outcomes 
in most studies when compared to other ventilation modalities. In 2009, Yoshida and his 
colleagues contrasted APRV with low tidal volume ventilation (LTV). APRV with spontaneous 
breathing patients increased mean airway pressure (MAP), enhanced oxygenation, and decreased 
collapsed alveoli (Jain et al, 2016). According to Jain at al., retrospective case studies showed 
significant outcomes with APRV compared to CPPV. APRV helps to repair cardiopulmonary 
shunt and improving blood flow to both lungs. In addition, APRV can be used in pediatric patients 
safely (Jain et al., 2016). Another study in 2014 by Yehya et al., compared high frequency 
oscillatory ventilation (HFOV) to APRV and showed no significant effect in reducing mortality 
rate compared to HFOV in rescue managements. 
Recent studies suggest that early application of APRV yields numerous benefits. In 2017, 
Zhou et al revealed improvement in oxygenation, lung compliance, and decreased MV and ICU 
stays. The study design was similar to animal experiments that showed that an early application of 
APRV led to significant enhancements. A total of 138 patients with ARDS were recruited and 
distributed randomly into two groups: the first group was the APRV group (n=71) and the second 
group was the LTV (n=67). The researchers calculated days on MV from enrollment to day 28. 
The APRV group showed a higher number of days without a ventilator (19 days) compared to the 
LTV group (2 days). The first group also had a lower ICU mortality rate compared to the second 
group, (19.7%), (34.4%), respectively. Zhou et al. concluded that early application of APRV led 
to important findings such as better oxygenation, lower Pplat, and shorter ICU stays (Zhou et al., 
2017). This study contains many findings that favor the APRV strategy over the LTV strategy.  
Considerable controversy exists over the efficacy of using APRV on patients with ARDS. 
Most recent data showed a noticeable conflict about the outcomes of APRV. Sun et al, in January 
2020, published a systematic review and meta-analysis about safety and efficacy of APRV on 
patients with ARDS. Sun et al, reviewed most of the studies that compared APRV versus LTV and 
synchronized intermittent mandatory ventilation (SIMV) groups. Throughout analyzing 14 studies 
with a total of 2096 patients that met the study’s inclusion criteria, meta-analysis revealed a 
significant improvement on oxygenation (particularly P/F ratio) after 3 days in APRV group 
compared to non-APRV groups, 75%, 44%, respectively. However, differences between APRV 
vs. non-APRV groups in terms of mortality and ICU length of stay were not found to be significant 
(Sun et al., 2020). It has been noticed that of the 14 included studies, 13 were only from six 
countries (two Asian, two European, one North American, and one Australian countries). 
However, only one multicenter study that consisted of 23 countries were included in this study.  
In the same way, in October 2020, Ismaeil et al published another systematic review and meta-
analysis. Ismaeil et al compared APRV to other conventional ventilation (CV) modes when used 
on ARDS patients. They included only 6 studies with 375 patients in total. In contrast to Sun study, 
P/F ratio was not found to be significant in both groups, while APRV showed a significant 
reduction in mortality and even lower when compared to the CV group (Ismaeil, 2020). In this 
systematic review, only limited data was known about the population of the included studies, 
which makes it difficult to compare with the previous study by Sun et al.  
The two subsequent systematic reviews, published in January and October 2020, 
respectively. However, disagreement in findings was observed and thus could be due to the diverse 
population of patients and the limited available data. Therefore, more studies are needed to 
establish a standardized protocol for APRV and universal settings for this mode.  
APRV may be used as an early treatment for both preventing and treating patients with 
ARDS, RTs are encouraged to take this mode into consideration to provide the most effective care 
for ARDS patients. This mode improved patients’ outcomes, reduced the number of days on 
mechanical ventilators and overall hospital stays resulting in reduced mortality rates in ICUs 
(Miller et al., 2016). 
Knowledge and prevalence of ARDS and APRV globally 
 
 
Not only improving patients’ care is important, but HCPs’ knowledge also plays an 
important role in improving patients’ outcomes. According to Chia and Clay, the variability in 
clinical practices contributed to medical errors and thereby costed high usage of resources in ICUs. 
Implementing evidence-based protocols can reduce errors and improve patients’ morbidity and 
mortality. MV protocols are crucial and have a significant impact in regard to mortality, VILI, and 
days on ventilator (Chia & Clay, 2008; Banga& Sasidhar, 2013). Along with protocols, knowledge 
of HCPs is known to be an essential part of a patient treatment.  
Few studies have examined the level of knowledge about ARDS among HCPs in general, 
and no studies of RTs in particular. In 2014, Dushianthan and colleagues investigated the 
perception of diagnosis and management of ARDS patients among ICU physicians in the United 
Kingdom (UK) (n=191). In regard to ventilator strategy, most of MDs used ARDS.net protocol in 
their management (mainly; targeted tidal volume= 6 ml/kg/PBW, increase PEEP with increase 
Fio2 requirement using scale). However, few ICU physicians (13%) were using HFOV as a 
primary ventilation strategy. While advanced ventilation techniques like extracorporeal lung 
support (ECLS) and APRV were used only by 5% of the participants. Thus, the reason behind the 
high mortality rates. The study concluded that there is a notable variation in the diagnosis practices 
and management strategies in UK, suggesting that international standards and guidelines are 
needed to improve the disease’ management (Dushianthan, et al., 2014). Overall, international 
standards can assist in limiting the ARDS progression and enhancing HCPs knowledge. In the 
ICUs, RTs are the core in treating such respiratory diseases like ARDS. Therefore, more 
investigations are required to standardize the disease’ management. 
Knowledge and prevalence of ARDS and APRV in SA 
In general, little is known about the knowledge level pertaining to ARDS among HCPs and 
RTs across SA. Alotaibi studied the current status of the RTs in SA, and reported the need for 
knowledgeable therapists as the profession growing in SA. Alotaibi also highlighted the need for 
RT education to improve medical care (Alotaibi, 2015). However, most of the studies which focus 
on the knowledge of practitioners in SA were conducted on the Middle East Respiratory Syndrome 
Corona Virus (MERS-CoV). Khan et al tested health care workers’ (HCWs) knowledge and 
attitude toward MERS-CoV. A survey was distributed among 280 HCWs in Qassim region and 
found that the majority showed good knowledge levels but lacked education about the disease 
management (42%) (Khan, Shah, Ahmad, & Fatokun, 2014). In 2016, Alsahafi & Cheng stated 
that HCWs had poor knowledge levels about emerging infectious diseases. Furthermore, HCWs 
(n=1216) require more medical education and training programs to fully understand ARDS in SA. 
Another study on 339 HCWs knowledge levels in the southern region of SA showed a massive 
lack of knowledge in some aspects like the method of transmission and the confirmatory diagnostic 
test, 23.6% and 18.3% of participants, respectively (Abbag et al., 2018). The findings represent a 
substantial variation regarding HCWs’ knowledge regarding MERS-CoV. These data gave a 
general picture of HCWs in SA and indicated that there is a poor knowledge levels. 
Yet, prevalence of using specific mode of ventilation in EP of SA has published. Aljuaid 
et al have studied the current use of advanced modes of ventilation among RTs. The study revealed 
a significant finding with approximate 20% of RTs were using APRV mode. According to Aljuaid, 
more than half of the participants lacked knowledge about the new advanced modes of ventilation. 
Also, about 23% of the participated RTs were having doubts about these modes (Aljuaid et al, 
2019). Thus, provide data in that RTs were not having enough knowledge to apply the new modes 
and strategies of ventilation which may lead to obstruct the advance approaches of treatment. 
A recent study among RTs in SA assessed their knowledge regarding ARDS management 
updates. This study, published in June 2020, claimed that 83.5% of the participants were practicing 
the updated management of ARDS. Additionally, only 50% were using the Berlin definition in 
their practice. The researchers points out a significant variation between RTs practices and ARDS 
management updates (Hadadi, Alamoudi, Aldaraweish, & Ghazwani, 2020). There are concerns 
about these findings and the causes of the variations. Many limitations of the study were noticed. 
For example, questionnaire method and numbers of participants and hospitals all were not 
mentioned. However, limited data about the RTs’ knowledge and practice regarding ARDS and 
APRV mode were noticed. 
Summary 
  APRV usage has demonstrated significant improvements on animal models and humans. 
In regard to patients with ARDS, APRV proved to improve oxygenation, reduced ICU and hospital 
stays, reduced mortality rates, and maintained a stable hemodynamic status. Moreover, an early 
application of APRV showed a positive impact on patient’ outcomes. “The 30 years of evolution 
of APRV” study reviewed studies on APRV and found that most of studies have positive outcomes. 
The knowledge of HCPs’ plays a primary role in treating patients with ARDS. Few studies have 
examined the HCPs’ knowledge and perception regarding such respiratory disease. Most of the 
studies were about MERS-CoV’ knowledge. Little is known about RTs knowledge regarding 
ARDS in SA, and there is limited data on the use of APRV mode. 
Chapter III 
METHODS  
In this chapter, we will discuss how the designed methods were utilized in answering the 
following developed questions: 
1. What do RTs in the EP know about ARDS and APRV mode? 
2. What do RTs in the EP perceive the value of the APRV mode? 
3. To what extent was the APRV mode applied to ARDS patients in the EP and is there 
difference between government and private hospitals’ ARDS protocol and practices? 
4. What is the difference between government and private hospitals in terms of RTs 
knowledge and perception about ARDS and APRV? 
 
Instruments 
A cross sectional study was designed as self-administered survey based on current 
literature and research. The survey was examined for face validity by five respiratory therapy 
educators from Georgia State University (GSU). The survey instrument includes three sections to 
collect data from participants. These sections were: demographic data, knowledge and perception 
about APRV and ARDS, and prevalence of using APRV on ARDS patients. A total of 25 validated 
questions were approved by the experts and distributed. Because of the current global situation of 
Coronavirus Disease 2019 (COVID-19), the survey was designed to be as an online link sent to 
the participants through their E-mail addresses to six hospitals in the EP; three government and 
three private sectors hospitals.  
Confidentiality 
The study and the survey were approved by the GSU Institutional Review Board (IRB). 
Another IRB approval was obtained from Almoosa Specialist Hospital (ASH) in Al Ahsa as they 
required it. All participants’ data were secured, protected, and remained anonymous. Ethical 
considerations and participants’ rights were taken and protected to ensure that all data remained 
confidential. The study guaranteed to the participants that no risks will result from participation in 
this study. 
Informed consent 
An agreement to participate in the study was obtained through checking the “agree” button. 
After informed consent, participant were able to answer the survey questions. However, when 
participants didn’t feel comfortable to participate in the study, they were having the opportunity to 
withdraw at any time. 
Invitation letter 
An official E-mail was sent to each director of the RT department inviting him/her to be 
part of the study by distributing the survey among the RTs staff. Also, a list of the staffs’ official 
E-mails were obtained from the director of department. The survey was emailed to all determined 
hospitals’ RT departments.  
Sample design 
The population of this study was categorized as a non- probability convenience sample. 
This study aimed to include RTs, regardless of their positions and qualifications because of their 
responsibilities for ARDS patients and their use of the APRV mode of ventilation. The inclusion 
criteria included all qualified and accredited RTs who hold a diploma, bachelor, masters, or PhD 
certificates in respiratory therapy. On the other hand, all other HCPs like nurses, doctors, dentists, 
and other HCPs were excluded. Additionally, RT students and interns were excluded.  
The target hospitals were three government hospitals and three private hospitals in the EP 
of SA. The government hospitals were the following: Qatif Central Hospital (QCH) in Qatif, 
Dammam Medical Complex (DMC) in Dammam, and King Fahad Military Medical City 
(KFMMC) in Dhahran. The private included hospitals were: Al Habib medical group Hospital 
(HMG) in Qatif, Saudi German Hospital (SGH) in Dammam, and Almoosa Specialist Hospital 
(ASH) in Al Ahsa. 
Data Collection and Analysis 
The study was an online survey distributed by the Google Forms website. Once the IRB 
approval was obtained, an online link was sent to each director of the RT departments and staff E-
mails. The first page of the survey obtained an agreement from the participants to be part of the 
study. Also, it was clarified in the E-mail that participation in this study is not mandatory and that 
the participant have the right to withdraw at any time without giving any reasons. The survey was 
composed of two forms of questions: multiple-choice questions (MCQs) and Yes or No questions. 
After collecting the data, statistical analysis was done through the Statistical Analysis 
System (SAS) and the latest version of Statistical Package for the Social Sciences (SPSS v.26.0). 
The standard deviation, mean, frequency and the participants number with the response rate were 
calculated, as well as differences among the respondents and hospitals. Statistical tests, including 
Chi-Square test and Fisher Exact test were computed to examine differences in APRV knowledge 
and perceptions between government and non-government hospitals. 
Summary 
In this chapter, the study methods were discussed in terms of the instrument, sample 
description, inclusion and exclusion criteria, informed consent, IRB approval, and lastly how data 
were analyzed. The study ensured to the participants that the study was not harmful and their 
information would be protected. The principal aim of the study was to investigate the level of RTs 
knowledge regarding the use of APRV on patients with ARDS in SA. After data collection, a 
statistical analysis was performed to understand the RTs perception about the APRV mode. Also, 
the researcher was able to identify and compare the difference between the two types of hospitals 







This chapter will discuss the data analysis of the study. The results explained the 
demographics. Moreover, the results intend to explore the level of RTs knowledge and how they 
perceive the APRV mode and ARDS. Also, the existence and extend of using APRV mode in the 
Eastern Province hospitals were demonstrated. 
The study purposed to answer the following questions:  
1. What do RTs in the EP know about ARDS and APRV mode? 
2. What do RTs in the EP perceive the value of the APRV mode? 
3. To what extent was the APRV mode applied to ARDS patients in the EP and is there 
difference between hospitals in terms of ARDS protocol and practices? 
4. What is the difference between government and private hospitals in terms of RTs 
knowledge and perception about ARDS and APRV? 
 
Characteristics of the sample: 
The study targeted RTs who worked at hospitals in the Eastern Province of Saudi Arabia. 
In this study, six hospitals were chosen to represent the region, divided equally into three 
government and three private hospitals. An online link was sent to 116 RTs, and a total of 52 
returned surveys were received with a response rate of 44.8%. Only one RT refused to participate, 
so a total of 51 usable responses were used in the data analysis. More than half of the participants 
were male (n=27, 52.9%), whereas females represent 47% of participants (n=24). The respondent's 
educational level was mostly from bachelor's degree holders (n=46, 90.2%). The remaining 
respondents were master’s degree holders (n=5, 9.8%). None of the respondents held a diploma or 
PhD degrees (Figure.1). The vast majority of these RTs graduated from SA (86.3%). Others 
graduated from the United States and the Philippines, (n=5, 9.8%), and (n=2, 3.9%), respectively. 
All five participants with master's degrees were graduates of the US. The mean experience years 
of the participants was calculated and the results showed that the respondents had a mean of 6.2 ± 
4.82 SD years. Furthermore, most RTs had eight or fewer years of experience (78.4%). In terms 
of hospital types, the majority of respondents were from governmental hospitals (n=40, 78.4%), 
with only 11 participants from the private sector (21.6%). More demographics are demonstrated 
in detail in the table below (Table.1). 












Table. 1 Demographic Data 
Characteristics  n, (%) 
• Gender  
- Male 27 (52.9%) 
- Female 24 (47.1%) 
• Qualification  
- Diploma 0 (0.0%) 
- Bachelor 46 (90.2%) 
- Masters 5 (9.8%) 
- PhD 0 (0.0%) 
• Graduation country  
- Saudi Arabia 44 (86.3%) 
- The United States 5 (9.8%) 
- Philippines 2 (3.9%) 
• Hospital type  
- Government  40 (78.4%) 
- Private 11 (21.6%) 
• Hospital Name  
- Dammam Medical Complex (DMC) 23 (45.1%) 
- Qatif Central Hospital (QCH) 14 (27.5%) 
- King Fahad Military Medical City (KFMMC) 3 (5.9%) 
- AlHabib Medical Group (HMG) 6 (11.8%) 
- Almoosa Specialist Hospital (ASH) 3 (5.9%) 
- Saudi German Hospital (SGH) 2 (3.9%) 
• Years of experience  
- 0-3 years 18 (35.3%) 
- 4-8 years 22 (43.1%) 
- 9-13 years 6 (11.8%) 
- 14< years 5 (9.8%) 
n= 51  
RTs knowledge about APRV-ARDS 
The primary aim of the study was to measure the level of knowledge regarding APRV 
applications, APRV outcomes, and other aspects of ARDS. In this section, the first research 
question was answered. Participants were asked to answer Yes or No and multiple-choice 
questions to evaluate their comprehension. Additionally, RTs were asked to rate their own 
knowledge on a scale of 1-5, where 1 represents very poor and 5 represents strong knowledge. The 
results showed knowledge levels with a mean of (3.14 ± 0.89 SD), which indicates that the majority 
of participants had good knowledge level (Figure.2). 
Figure. 2 RTs' own rate of knowledge 
 
 
First, participants were asked whether they knew about APRV mode, and all participants 
answered yes (n=51, 100%). When asked what APRV referred to, 45 RTs picked the correct 
answer "Airway Pressure Released Ventilation" (88.2%), while the remaining 6 picked a wrong 
answer "Adaptive Pressure Regulated Ventilation" (11.8%). Second, in regard to APRV outcomes, 
participants were asked according to their knowledge to answer Yes or No to the following: APRV 
tends to injure the lungs if used properly, spontaneous breathing plays a significant role, and if 
better oxygenation is associated with survival rates, the correct answers were as follows: (64.7%, 
98%, and 43.1%), respectively. Third, RTs were asked questions to assess their knowledge about 
ARDS in more detail. When asked about the Berlin definition of severe ARDS, the results showed 
that less than half of the participants (47.1%) picked the right answer “Acute onset, bilateral lung 
infiltration, P/F ratio ≤100 mm Hg on PEEP ≥ 5 cmH2O”. In the same way, when asked about the 
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R AT E  YO U R  K N OW L E D G E  A B O U T  U S I N G  A P RV  O N  
A R D S  PAT I E N T S  O N  S C A L E  1 - 5  51 Responses
1 Very poor, 2 Poor, 3 Good, 4 Very good, 5 Strong
greatest cause of ARDS, results found that majority of the participants picked pneumonia (n=40, 
78.4%). After pneumonia, there comes sepsis, which is the correct answer, (n=9, 17.6%), and lung 
contusion (n=2, 3.9%). 
On the whole, the total number of correct answers were calculated to measure the knowledge. 
Participants' highest score was for the question about the significance of spontaneous breathing in 
APRV (98%). However, the lowest score was when asked about the greatest cause of ARDS where 
most participants chose pneumonia as the greatest cause of ARDS (78.4%) when sepsis was the 
right answer (17.6%). Based on the total number of correct answers, we infer that RTs had general 
knowledge with a mean of 63.22%. 
Table. 2 knowledge about APRV-ARDS 
Questions N, (%) 
Do you know what APRV mode is  
- Yes  51 (100%) 
- No  0 (0.0%) 
APRV mode is referred to:  
- Airway Pressure Released Ventilation 45 (88.2%) 
- Adaptive Pressure Regulated Ventilation 6 (11.8%) 
- Assisted Pressure Regulated Ventilation 0 (0.0%) 
- Airway Pressure Regulated Ventilation 0 (0.0%) 
APRV is known to improve oxygenation through changes of 
transpulmonary pressure that resulted from: 
 
- Permitting spontaneous breathing 24 (47.1%) 
- All of the above 19 (37.3%) 
- Shortening THigh 6 (11.8%) 
- Stretching TLow 2 (3.9%) 
According to the Berlin definition, severe ARDS is defined as:  
- Acute onset, bilateral lung infiltration, P/F ratio ≤100 
mm Hg on PEEP ≥ 5 cmH2O 
24 (47.1%) 
- Acute onset, bilateral lung infiltration, P/F ratio ≤ 200 
mm Hg on PEEP ≥ 5 cmH2O 
18 (35.3%) 
- Bilateral lung infiltration, SpO2 ≤90%, P/F ratio ≤100 
mm Hg on PEEP ≤5 cmH2O 
9 (17.6%) 
- Acute onset, bilateral lung infiltration, SpO2 ≤ 90% on 
PEEP ≥ 5 cm H2O 
0 (0.0%) 
Based on your knowledge, what is the greatest cause of ARDS?  
- Pneumonia 40 (78.4%) 
- Sepsis 9 (17.6%) 
- Lung contusion 2 (3.9%) 
- Multi organ dysfunction syndrome 0 (0.0%) 
Based on your knowledge, if used properly, does APRV tends to injure the 
lung? 
 
- No  33 (64.7%) 
- Yes  18 (35.3%) 
Based on your knowledge, does spontaneous breathing plays a significant 
role in APRV? 
 
- Yes  50 (98.0%) 
- No 1 (2.0%) 
Based on your knowledge, is better oxygenation (PaO2, SPo2) always 
linked to better survival rate? 
 
- Yes  29 (56.9%) 
- No  22 (43.1%) 
n= 51 
 
*Correct answers are bolded. 
RTs Perception about APRV-ARDS 
This part of the survey aimed to assess RTs comprehension and how they recognize and 
apply APRV in patients with ARDS. Besides APRV perception, participants were asked about 
their perceptions of ARDS. Answering the second question of the study, results revealed sufficient 
amount of perception among RTs. For instance, the majority of participants were aware of the 
Berlin definition of ARDS (n=43, 84.3%), which is the most recent definition being used today in 
clinical management. Moreover, the vast majority of participants agreed that P High, T Low and T 
High were primarily the appropriate parameters to adjust ventilation in APRV (84.3%, 74.5%, and 
60.8%, respectively).  In the same way, RTs were able to pick the best answers to parameters that 
adjust oxygenation in APRV. As shown in Table.3, nearly half of RTs experienced positive 
outcomes when they used APRV (n=22, 43.1%), while others reported that in the majority of times 
when using APRV, patients did not improve resulted in failing APRV trials (n=16, 31.4%). 
Along with their experience with the mode, more than half of RTs considered the mode to 
be a rescue mode (n=30, 58.8%). Surprisingly, only two (3.9%) of RTs considered APRV as an 
initial mode. At the same time, about one-third (29.4%) of the participants recognized APRV as 
both an initial and a rescue mode (Table.3). 
Table. 3 Perception about APRV 
Questions N, (%) 
Are you aware of the Berlin definition of ARDS?  
- Yes  43 (84.3%) 
- No  8 (15.7%) 
In the majority of times you have used APRV on ARDS patients, which of 
the following best describe the outcomes?  
 
- Patients revived and outcomes improved (improved 
means better oxygenation, better hemodynamics, PIP¯) 
22 (43.1%) 
- Patients don’t improve, back to the conventional mode 16 (31.4%) 
- I haven’t used APRV 7 (13.7%) 
- In my hospital they, unfortunately, use it late choice, in 
that time patient already have been seriously ill and will 
have poor outcome. 
2 (3.9%) 
- Patients died 1 ( 2.0%) 
- It differ from case to case but mainly used as rescue 
mode and it fails at the end 
1 ( 2.0%) 
- Outcome improved only if it is used early 1 ( 2.0%) 
- Neutral 1 ( 2.0%) 
Based on your knowledge, which parameter/s is/are you manipulating to 
adjust the ventilation: (select all that apply) 
 
- P High 43 (84.3%) 
- T Low 38 (74.5%) 
- T High 31 (60.8%) 
- P Low 14 (27.5%) 
- Respiratory Rate 13 (25.5%) 
- Intrinsic PEEP 6 (11.8%) 
- No, I didn’t use APRV and I don’t know the answer 4 (7.8%) 
Based on your knowledge, which parameter/s is/are you manipulating to 
adjust the oxygenation: (select all that apply) 
 
- T High 36 (70.6%) 
- P High 31 (60.8%) 
- P Low 22 (43.1%) 
- T Low 15 (29.4%) 
- Intrinsic PEEP 10 (19.6%) 
- No, I didn’t use APRV and I don’t know the answer 4 (7.8%) 
- Respiratory Rate 2 (3.9%) 
Based on your knowledge, APRV is considered to be:  
- A rescue mode 30 (58.8%) 
- Both 15 (29.4%) 
- None of the above 4 (7.8%) 
- An initial mode 2 (3.9%) 
n= 51  
 
 
Despite participants showing high levels of perception, a question about the initial settings, 
left optional, had an adequate response. Almost half of the participants answered this question 
(n=27, 53%), with the majority of therapists from governmental hospitals (88.9%). The results 
revealed no consensus in terms of initial settings of APRV among RTs. Since there was no standard 
answer, initial parameter values were calculated separately. Our data showed that most of RTs 
used the following values as their initial settings: THigh =4 second (30.8%), TLow =0.5 second 
(33.3%), PHigh = 30 cmH2O(51.8%), and PLow =0 cmH2O (92.6%). Across all respondents, only 
two unified answers were found, each with three respondents (22.2%). A note to point out is that 
all six responses were from government hospitals. The two unified answers were as follows: 1) 
THigh = 3-6s, TLow =0.3-0.6s, PHigh = 30 cmH2O, and PLow = 0 cmH2O or to eliminate auto PEEP,  
and 2) THigh = 5s, TLow =0.5s, PHigh = 30 cmH2O, and PLow = 0 cmH2O. Although, we were not 
statistically able to identify the differences that the government hospitals RTs actually had this 
unified answer. 
The prevalence of using APRV 
This section of the study is concerned with the extent of the use of APRV mode in the 
Eastern Province of Saudi Arabia and whether hospitals in the explored region were supplied with 
ventilators that were provided with APRV. Also, the ARDS definition was explored through this 
part. The third question of the research was answered in this section. Among the participants, only 
14 RTs (27.4%) alleged not having a protocol for ARDS, whereas the majority of RTs indicated 
they had an ARDS protocol in their hospital (n=37, 72.6%). More than half of them indicated the 
use of the Berlin definition (n=23, 45.1%), followed by the American European Consensus Criteria 
(AECC) (n=7, 13.7%), with only 6 RTs using both definitions in their hospitals (see Figure.3 and 
Table.4).  
Figure. 3 ARDS Definition 
 
Half of the participants declared that APRV was included in their ARDS protocol (51%). 
The majority of the hospitals were equipped with ventilators that have APRV mode (96.1%). 
Types of ventilator include Maquet Servo i&u (60.8%), known as Getinge, Drager Evita (41.2%), 
Hamilton Galileo (33.3%) and others mentioned in Table.3. RTs were also asked about their APRV 
usage, results showed a total of 22 RTs had the APRV protocol and used the mode at the same 





Regarding your protocol, which of the following is used to define ARDS?
American European Consensus
Criteria (AECC)
The Berlin definition Criteria
Both
No, we do not have ARDS protocol
ARDS.net
51 Responses
Figure. 4 APRV protocol usage 
 
One of the most significant findings in this study is that more than 80% of the respondents 
have used the mode on patients before. As shown in Table.4, the vast majority of RTs used the 
mode on ALI/ARDS patients (n=43, 97.7%), followed equally by RTA/Traumatic, cardiac 
diseases, obstructive lung disease and ARDS due to COVID-19 (n=2, 4.5%) patients. A significant 
finding about the use of APRV is that more than half of the participants suggested the mode to 
other RTs and physician (52.9%). Participants were asked regarding physicians’ trust and the 
results showed contradicted responses. Among RTs, 43% used the mode with full trust from 
physicians compared to those who used the mode with some resistance, and those who haven’t use 
the mode because they face some resistance from physicians, 15.7% and 5.9%, respectively. 
Almost 20% of RTs faced some resistance from physicians which indicated lack of 
communication among RTs and physicians. The lack of communication may result in negative 





In your hospital, do you have / use protocol for APRV?
Yes, we have protocol, and we use
APRV
Yes, we have protocol, but we don’t 
use APRV
No, we don’t have protocol, but we 
use APRV
No, we don’t have protocol, and we 
don’t use APRV
51 Responses
Ultimately, the superiority of numbers reported using APRV on severe ARDS cases as a 
last choice (45.1%). Almost 35% believed in that the mode is safe, therefore, they use it. However, 
only a few divulge their unfamiliarity with the mode (n=7, 13.7%) (see Table.4). 
Table. 4 Prevalence of using APRV 
Questions  N, (%) 
In your hospital, do you have ARDS protocol?    
- Yes  36 (70.6%) 
- No  15 (29.4%) 
Which of the following is used to define ARDS?  
- The Berlin definition Criteria 23 (45.1%) 
- No, we do not have ARDS protocol 14 (27.4%) 
- American European Consensus Criteria (AECC) 7 (13.7%) 
- Both 6 (11.8%) 
- ARDS.net 1 (2.0%) 
Is APRV included in your ARDS protocol?     
- Yes  26 (51.0%) 
- No  25 (49.0%) 
In your hospital, do you have ventilators that have APRV mode?  
- Yes  49 (96.1%) 
- No  2 (3.9%) 
Which type/s of ventilator have APRV? (select all that apply)  
- Maquet Servo i, u (Getinge) 31 (60.8%) 
- Drager Evita 21 (41.2%) 
- Hamilton Galileo 17 (33.3%) 
- Puritan Bennett 12 (23.5%) 
- Mindray sv600 4 (7.8%) 
- No, we don’t have APRV mode in our ventilators 2 (3.9%) 
- General Electric 1 (2%) 
  
In your hospital, do you have / use protocol for APRV?  
- Yes, we have protocol, and we use APRV 22 (43.1%) 
- No, we don’t have protocol, but we use APRV 19 (37.3%) 
- No, we don’t have protocol, and we don’t use APRV 7 (13.7%) 
- Yes, we have protocol, but we don’t use APRV 3 (5.9%) 
Have you ever used APRV mode on patients?  
- Yes  42 (82.4%) 
- No  9 (17.6%) 
Which type/s of patients? (select all that apply)  
- ALI/ARDS 43 (97.7%) 
- RTA/ Traumatic 2 (4.5%) 
- Cardiac diseases 2 (4.5%) 
- Obstructive lung diseases (Asthma and COPD) 2 (4.5%) 
- ALI/ARDS due to COVID-19 2 (4.5%) 
Which of the following is correct in regards to using APRV? (select all that 
apply): 
 
- I use it, and I suggested RTs and physicians to use it 27 (52.9%) 
- I use it, with physicians’ full trust 22 (43.1%) 
- I don’t use it, because I don’t have knowledge and 
confidence 
9 (17.6%) 
- I use it, but with some physicians’ resistance 8 (15.7%) 
- I don’t use it, because I face some physicians’ resistance 3 (5.9%) 
- I don’t use it, because I don’t believe in APRV 0 (0.0%) 
Would you consider using APRV in severe ARDS cases?  
- Yes, as a last choice 23 (45.1%) 
- Sure, because it is safe 18 (35.3%) 
- No, I am unfamiliar with the mode 7 (13.7%) 
- I prefer to use it as early intervention if pt. does not 
respond to high PEEP 
1 (2.0%) 
- Only if pt has spontaneous triggering 1 (2.0%) 
- I don't know 1 (2.0%) 
- No, because it is harmful 0 (0.0%) 
n= 51  
Relationships and Correlations 
In order to find relationship between variables, statistical analysis done through descriptive 
statistics, Chi-square test, and Fisher test. In this section, research questions fifth, sixth, and 
seventh were answered. 
The difference between government and private hospitals in terms of APRV usage were 
proposed through four questions. First, if participants have or used APRV protocol at their 
hospitals. A Fisher test was performed to find an association between the variables. Our analysis 
showed that there was a significant difference (p=0.0002) between the government and private 
hospitals in terms of having and or using APRV protocol (Figure.5). Our analysis showed that a 
total of 22 have used the mode using a protocol (91% from government vs 9% from private 
sectors). Moreover, it has been found that the percentage of RTs from government hospitals who 
didn't have a protocol and used the mode at the same time was relatively higher than those from 
private hospitals (89% vs 11%). These variances could be due to the relatively low numbers of 
RTs in private hospitals compared to government hospitals. (see Figure.5) 
  
Figure. 5 Fisher test for APRV usage 
 
Second, upon analyzing data for consistency regarding the open-ended question about the initial 
settings for APRV, we found that there was no agreement among participants except for two 
answers from six government RTs. Since there was no agreement between the answers, we were 
not able to conduct statistical test to determine the difference between the government and private 
hospitals. Third, RTs were asked if they have used the mode on patients before. Chi square test 
was done to compare between the two types of hospitals. Test result revealed that there was a 
significant difference (p=0.006) between the two variables. Government RTs had a higher 
percentage of using the mode on patients compared to RTs from private hospital (90% vs. 46%) 
(Figure.6). 
Figure. 6 Chi-Square test 
 
Fourth, participants were asked whether they agreed with some of the statements about their APRV 
usage. Descriptive statistics showed that more than half of the participants used the mode and 
suggested other RTs and physicians to use the mode (n=27, 52.9%). Remarkably, out of the 27 
participants who used the mode, 26 (96%) were from government hospitals. Moreover, most 
government therapists have used the mode with the full trust of physicians (n=20, 39.2%), 
compared to two private hospitals therapists (4%). However, some participants have used the mode 
even though they faced some resistance from physicians (n=8, 15.7%) with a majority of 
government workers (n=6). Surprisingly, all participants who did not use the mode because of 
resistance were from the private sector (n=3, 5.9%). A total of five government and four private 
hospitals' RTs did not use the mode because they did not have the knowledge and confidence to 
apply the mode on patients (n=9, 17.6%). 
Differences in knowledge and perception among public and private hospitals were assessed 
through the percentages of corrected answers. Chi-Square tests were used to compare statistically 
significant differences in APRV knowledge between government and private hospitals. For small 
expected cell sizes (<5), the Fisher Exact test was used. Overall, our data analysis showed that 
there were no statistically significant differences between the government and private hospitals 
RTs in terms of knowledge. Table.5 shows demonstrated the statistical tests for each question as 
well as the p value (Table.5). 
Table. 5 RTs Knowledge regarding APRV-ARDS  
Knowledge questions Statistical tests 
Chi-Square  Fisher 
- APRV mode is referred to  p=0.319 
- APRV Improving oxygenation through transpulmonary 
pressure 
p=0.422  
- The Berlin definition for Severe ARDS p=0.574  
- The greatest cause of ARDS p=0.344  
- APRV tends to injure the lung if used properly p=0.180  
- Spontaneous breathing plays a significant role in 
APRV 
 p=0.216 
- Better oxygenation always linked to better survival rate p=0.861  
 
The Fisher Exact test was used to find differences in perception. As shown in Figure.7, no 
significant difference was found (p= 0.0677) between the government and private hospitals in their 
perception of APRV. The majority of government and private therapists considered the mode to 
be a rescue mode (62.5% and 45.4%, respectively) (Figure.7). 
Figure. 7 RTs Perception of APRV 
 
To summarize, as illustrated in Table.5 and Figure.7, no significant differences were found 
between therapists in government and private hospitals regarding APRV and ARDS knowledge 
and perception. 
The fourth research question “What is the difference between government and private 
hospitals in terms of ARDS protocol and practices?” was answered by interpreting the answers to 
the following questions: 
- Q1: In your hospital, do you have ARDS protocol?   
- Q2: Which of the following is used to define ARDS? 
- Q3: Does your daily practice follow your hospital protocol? 
The first question asked participants about having ARDS protocol. The results indicated that 
70.6% of RTs does have an ARDS protocol, whereas 29.4% indicated not having a protocol. 
Statistical analysis done with Chi-Square test. Our analysis documented no significant difference 
(p=0.095) between the government and private hospitals in terms of having ARDS protocol. 
Furthermore, no difference was noticed between the two types of hospitals as the Berlin definition 
was the most common ARDS protocol used in the Eastern Province (57%). Regarding the third 
question, based on our analysis we found that most therapists in both private and government 
hospitals followed their hospitals' protocol in their daily practice (72% and 65%, respectively). 
Accordingly, both hospitals' RTs were in compliance with their protocols. 
Summary  
This chapter presents the results from the data received in assisting in answering the 
research questions. The results revealed that RTs had general knowledge about ARDS and APRV 
mode (63.2%). The vast majority of hospitals in the Eastern province were provided with APRV 
mode (96.1%). Significantly, results showed that APRV was used by more than 80% of the 
respondents, half of whom had positive outcomes when using APRV. Patients with ARDS were 
the most common disease when APRV was applied (98%).  
Moreover, participants perceived APRV as a valuable mode whereas most of them 
considered the mode as a rescue mode (58.8%) compared to those not considered using the mode 
(7.8%). Also, most of the participants showed high levels of perception of ARDS by being aware 
of the Berlin definition and using it in their hospitals (84.3% and 57%). 
Overall, differences between the government and private hospitals were analyzed. We 
conclude that there were few significant differences found between the two types of hospital 
therapists in terms of APRV usage (p=0.0002 and p= 0.006) (Figure.5&6). However, other aspects 
like APRV-ARDS knowledge, perception, and ARDS protocol and practices showed no 






This chapter scrutinize the findings in our research questions. In addition, some of 
recommendations were listed, the study limitations were also reviewed , and the implication for 
practice proposed. The research questions discussed here are the following:  
1. What do RTs in the EP know about ARDS and APRV mode? 
2. What do RTs in the EP perceive the value of the APRV mode? 
3. To what extent was the APRV mode applied to ARDS patients in the EP and is there 
difference between hospitals in terms of ARDS protocol and practices? 
4. What is the difference between government and private hospitals in terms of RTs 
knowledge and perception about ARDS and APRV? 
Findings related to RTs knowledge 
The first research question asked, “What do RTs in the EP know about ARDS and APRV 
mode?”. According to the data obtained from the results chapter, RTs showed a general level of 
knowledge pertaining to ARDS and APRV. However, there was a lack of adequate knowledge in 
ARDS leading cause and ARDS outcomes (17.6% and 43.1% ). These finding are consistent with 
Abbag’ et al findings. According to Abbag et al, HCWs in SA had low levels of knowledge in 
identifying how the disease is transmitted and the diagnostic tools (23.6% and 18.3%) (Abbag et 
al., 2018). Our findings in regard to the knowledge indicated the need for knowledge improvement 
among RTs. The gap in knowledge could be related to the need for skilled RTs as the profession 
continues to expand in SA (Alotaibi, 2015). 
Findings related to RTs perceptions 
The second question of the research aimed to explore the value of the APRV mode and 
how RTs in EP perceive it. Moreover, ARDS perception was assessed. Our data revealed that RTs 
of the EP in SA have very good levels of perception of APRV manipulation. Large numbers of 
RTs picked the best answers for the primary parameters that adjust ventilation as well as 
oxygenation parameters. These parameters were consistent with Habashi’s article. Habashi 
recommended the use of chosen parameters previously in order to adjust ventilation and 
oxygenation based on patients’ condition (Habashi, 2005). Additionally, most participants showed 
a sufficient level of perception, as they had regarded the mode to be used in critical situations as 
rescue mode. However, this finding did not align with what Habashi and Aljuaid found. Habashi 
reported that APRV may be used earlier as an initial mode rather than at the late stages of 
respiratory disease (Habashi, 2005). Furthermore, Aljuaid and colleagues indicated that about 23% 
of RTs had doubts about APRV and other new modes of ventilation compared to 7.8% in our study 
(Aljuaid et al, 2019). 
However, our results revealed that only 4% of the participants considered APRV as initial 
mode when treating patients with ARDS which is similar to Dushianthan finding. Dushianthan et 
al reported that less than 5% of their study participants used APRV as a primary ventilation strategy 
during the early stages of ARDS (Dushianthan, et al., 2014). 
In summary, EP RTs showed sufficient amount of perception in regard to APRV and 
ARDS. Our finding indicated that most of RTs considered using the mode in rescue management 
which gave a sight that SA therapists were aware of the mode importance and its advantages. More 
education is needed to introduce the mode preemptively as suggested by recent literature. 
 
 
Findings related to the prevalence of APRV 
Based on our statistics, results indicated that the vast majority of hospitals were equipped 
with APRV (96%). Our findings revealed that almost all EP hospitals were equipped with the 
APRV mode which exclude not using it because of lack of equipment. A question was asked to 
identify the prevalence of using the mode , “To what extent was the APRV mode applied to ARDS 
patients in the EP?” Almost all RTs indicated the use of APRV on ARDS patients (98%). 
Moreover, most RTs indicated having ARDS protocol (n=36,70.6%). It is clear from these findings 
that the mode is widely used by RTs in the EP especially on patients with ARDS. Furthermore, it 
is important to note that most of RTs had the mode APRV included in their ARDS protocol. 
Additionally, an initial setting for APRV was explored. Since there was no consensus 
except for two identical answers from three participants in each, statistical analysis was difficult 
to conduct and therefore the results for differences in terms of initial setting were unattainable. 
These findings lead us to refute our hypothesis when we hypothesized that not many RTs 
knew about APRV. However, the finding regarding the use of the mode as a rescue mode is in line 
with what we hypothesized earlier in the study. 
Findings related to the difference between hospitals 
The differences in knowledge and perception in regard to APRV and ARDS between the 
two type of hospitals were explored. Our results showed no difference among participants from 
both hospitals types which indicate equal knowledge levels among all RTs in this particular area 
of the country.  
Perception also had no significant difference between the government and private 
hospitals. Both government and private hospitals regarded the mode as rescue mode. None of RTs 
from government hospitals considered using the mode as initial ventilatory strategy compared to 
two RTs from private hospitals. We conclude that no differences were found in association with 
APRV-ARDS knowledge and perception among RTs in both government and private hospitals. 
Findings related to the RTs daily practice in regard to APRV and ARDS protocol showed 
that almost 32% of participants were not in compliance with their protocols. This percentage 
reflected the need for exploring the reasons behind this percentage. Adherence to hospitals’ 
protocol is crucial as reported by Borges et al, (2017). 
Implications for practice 
Findings from this study could provide RT departments in particular, and hospitals in 
general, a closer insight into detecting weaknesses they might not be aware of. For example, some 
RTs reported not having an ARDS or APRV protocol. Having a protocol is paramount for reducing 
the mortality rates for patients with ARDS. This study contains data that may assist in filling the 
gap between government and private hospitals in terms of RTs' knowledge, perceptions, and 
numbers. Knowing the knowledge level, as well as perception level, are critical in providing 
respiratory therapy education for RTs and physicians about APRV in treating respiratory diseases 
like ARDS. Participants were mostly bachelor's degree holders, and only 5 participants held 
master's degrees at a US university. There is an obvious lack of master’s degree workers in 
hospitals of EP.  Education programs are also vital to RTs in patients' care by providing teaching 
sessions on new and advanced methods of ventilation. Regarding RTs numbers, our study had a 
total of 40 RTs from the government compared to 11 RTs from private hospitals, indicating 
massive variance reaching triple the number. The gap in numbers should took into consideration 
especially from the private sector side. 
Study limitations 
The small sample size was noted to be one of the limitations of this study. Power is an issue 
as we were unable to conduct statistical tests because our data had small cell sizes. Our study also 
had a 45% response rate which resulted in failing to generalize our results to the population. This 
is partly due to several factors, one of which is the low number of RTs in this particular region of 
the country. Moreover, some RT heads of departments complained of a high load on their staff 
during the COVID-19 pandemic which aligned with our study, and significantly impacted our 
response rate. Our recruited sample was comprised of participants with a minimum of a bachelor's 
degree, which reflects the need for other RTs who had an associate degree (diploma), as it may 
show some disparity in knowledge. Recall bias could also affect the participants’ response 
regarding APRV, depending on how recently the participants may have used the mode. 
Recommendation for future study 
In summary, this study identified a gap in literature which revealed limited data involving RTs 
knowledge and perceptions with APRV used as treatment for ARDS. This study opens the window 
for further studies on RTs, involving APRV, and ARDS in Saudi Arabia. Future research is highly 




Since this is the first study to explore the knowledge and perception of APRV mode on 
ARDS among Saudi RT’s, more studies are needed to support what we found. Our study had 
significant findings which contradict our hypothesis in which there were more than 80% of the 
participants have used the APRV mode before. However, no significant differences were found 
between the RTs from private and government hospitals in terms of knowledge and perception. 





Abbag, H. F., El-Mekki, A. A., Bshabshe, A. A., Mahfouz, A. A., Al-Dosry, A. A., Mirdad, R. 
T., . . . Abbag, L. F. (2018). Knowledge and attitude towards the Middle East respiratory 
syndrome coronavirus among healthcare personnel in the southern region of Saudi 
Arabia. Journal of Infection and Public Health, 11(5), 720-722. 
doi:10.1016/j.jiph.2018.02.001 
Ahmed, H. G., Alquwaiay, F. K., Al-Dhamadi, H. F., Alzamil, A. F., Alshammari, I. H., & 
Altayep, K. M. (2020). Acute respiratory distress syndrome (ARDS) in hail region, Saudi 
Arabia. IJPSR, 987-992. doi:10.13040/IJPSR.0975-8232.11(2).987-92 
Aljuaid, A., Sahari, A., Gazwani, A. A., & Alqahtani, J. S. (2019). Current Practices of 
Advanced Mechanical Ventilation Modes in Intensive Care Units in the Eastern Province 
of Saudi Arabia. Respiratory Care, 64(Suppl 10). 
http://rc.rcjournal.com/content/64/Suppl_10/3232134 
Alotaibi G. (2015). Status of respiratory care profession in Saudi Arabia: A national 
survey. Annals of thoracic medicine, 10(1), 55–60. https://doi.org/10.4103/1817-
1737.146878 
Alsahafi, A., & Cheng, A. (2016). Knowledge, Attitudes and Behaviors of Healthcare Workers 
in the Kingdom of Saudi Arabia to MERS Coronavirus and Other Emerging Infectious 
Diseases. International Journal of Environmental Research and Public Health, 13(12), 
1214. doi:10.3390/ijerph13121214 
Ashbaugh, D., Bigelow, D. B., Petty, T., & Levine, B. (1967). Acute Respiratory Distress In 
Adults. The Lancet,290(7511), 319-323. doi:10.1016/s0140-6736(67)90168-7 
Banga, A., & Sasidhar, M. (2013). Respiratory therapist driven protocols for weaning of patients 
from mechanical ventilation: Experience at a high acuity center with variable patient 
volumes. Chest, 144(4), 894A. https://doi.org/10.1378/chest.1704107 
Barbas, C. S. (2017). Ventilation Strategies: Tidal Volume and PEEP. Acute Respiratory 
Distress Syndrome, 29-39. doi:10.1007/978-3-319-41852-0_3 
Bellani, G., Laffey, J. G., Pham, T., Fan, E., Brochard, L., Esteban, A., . . . Pesenti, A. (2016). 
Epidemiology, Patterns of Care, and Mortality for Patients With Acute Respiratory 
Distress Syndrome in Intensive Care Units in 50 Countries. Jama, 315(8), 788. 
doi:10.1001/jama.2016.0291 
Bernard, G. R., Artigas, A., Brigham, K. L., Carlet, J., Falke, K., Hudson, L., . . . Committee, C. 
(1994). Report of the American-European Consensus Conference on acute respiratory 
distress syndrome: Definitions, mechanisms, relevant outcomes, and clinical trial 
coordination. Journal of Critical Care, 9(1), 72-81. doi:10.1016/0883-9441(94)90033-7 
Borges, L., Savi, A., Teixeira, C., de Oliveira, R. P., De Camillis, M., Wickert, R., Brodt, S., 
Tonietto, T. F., Cremonese, R., da Silva, L. S., Gehm, F., Oliveira, E. S., Barth, J., Macari, 
J. G., de Barros, C. D., & Vieira, S. (2017). Mechanical ventilation weaning protocol 
improves medical adherence and results. Journal of critical care, 41, 296–302. 
https://doi.org/10.1016/j.jc 
Brower, R. G., Matthay, M. A., Morris, A., Schoenfeld, D., Thompson, B. T., & Wheeler, A. 
(2000). Ventilation with lower tidal volumes as compared with traditional tidal volumes for 
acute lung injury and the acute respiratory distress syndrome. New England Journal of 
Medicine, 342(18), 1301–1308. 
Brun-Buisson, C., Minelli, C., Bertolini, G., Brazzi, L., Pimentel, J., Lewandowski, K., . . . 
Lemaire, F. (2004). Epidemiology and outcome of acute lung injury in European intensive 
care units. Intensive Care Medicine, 30(1), 51-61. doi:10.1007/s00134-003-2022-6 
Carvalho, N. C., Güldner, A., Beda, A., Rentzsch, I., Uhlig, C., Dittrich, S., . . . Abreu, M. G. 
(2014). Higher Levels of Spontaneous Breathing Reduce Lung Injury in Experimental 
Moderate Acute Respiratory Distress Syndrome*. Critical Care Medicine, 42(11). 
doi:10.1097/ccm.0000000000000605 
Chia, J. Y., & Clay, A. S. (2008). Effects of Respiratory-Therapist Driven Protocols on House-
Staff Knowledge and Education of Mechanical Ventilation. Clinics in Chest 
Medicine, 29(2), 313-321. doi:10.1016/j.ccm.2008.01.003 
Diamond, M. (2020, July 02). Acute Respiratory Distress Syndrome (ARDS). Retrieved August 
06, 2020, from https://www.ncbi.nlm.nih.gov/books/NBK436002/ 
Dushianthan, A., Cusack, R., Chee, N., Dunn, J., & Grocott, M. P. (2014). Perceptions of 
diagnosis and management of patients with acute respiratory distress syndrome: A survey 
of United Kingdom intensive care physicians. BMC Anesthesiology, 14(1). 
doi:10.1186/1471-2253-14-87 
Habashi, N. M. (2005). Other approaches to open-lung ventilation: Airway pressure release 
ventilation. Critical Care Medicine, 33(Supplement). 
doi:10.1097/01.ccm.0000155920.11893.37 
Hadadi, H., Alamoudi, A., Aldaraweish, S., & Ghazwani, A. (2020). Assessing Respiratory 
Therapists’ Knowledge Regarding ARDS Management Updates. Chest, 157(6). 
doi:10.1016/j.chest.2020.05.459 
Hedenstierna, G., Tokics, L., Lundquist, H., Andersson, T., Strandberg, A., & Brismar, B. 
(1994). Phrenic nerve stimulation during halothane anesthesia. Effects of 
atelectasis. Anesthesiology, 80(4), 751–760. https://doi.org/10.1097/00000542-199404000-
00006 
Hoegl, S., & Zwissler, B. (2017). Preventing ventilator-induced lung injury—what does the 
evidence say? Journal of Thoracic Disease, 9(8), 2259-2263. doi:10.21037/jtd.2017.06.135 
Howard, B. M., Kornblith, L. Z., Hendrickson, C. M., Redick, B. J., Conroy, A. S., Nelson, M. 
F., Callcut, R. A., Calfee, C. S., & Cohen, M. J. (2015). Differences in degree, differences 
in kind: characterizing lung injury in trauma. The journal of trauma and acute care 
surgery, 78(4), 735–741. https://doi.org/10.1097/TA.0000000000000583 
Ismaeil, T. T., Othman, F., Alsagami, N. S., Alharbi, R. O., Alshahrani, S. A., & Almuammer, Y. 
I. (2020). Effect of Airway Pressure Release Ventilation Among Adult Patients With 
ARDS: Systematic Review and Meta-Analysis. Respiratory Care, 65(10). 
http://rc.rcjournal.com/content/65/Suppl_10/3448554. 
Jain, S. V., Kollisch-Singule, M., Sadowitz, B., Dombert, L., Satalin, J., Andrews, P., . . . 
Habashi, N. M. (2016). The 30-year evolution of airway pressure release ventilation 
(APRV). Intensive Care Medicine Experimental, 4(1). doi:10.1186/s40635-016-0085-2 
Khan, M. U., Shah, S., Ahmad, A., & Fatokun, O. (2014). Knowledge and attitude of healthcare 
workers about middle east respiratory syndrome in multispecialty hospitals of Qassim, 
Saudi Arabia. BMC Public Health, 14(1). doi:10.1186/1471-2458-14-1281 
Kollisch-Singule, M., Satalin, J., Blair, S. J., Andrews, P. L., Gatto, L. A., Nieman, G. F., & 
Habashi, N. M. (2020). Mechanical Ventilation Lessons Learned From Alveolar 
Micromechanics. Frontiers in Physiology, 11. doi:10.3389/fphys.2020.00233 
Li, J. Q., Li, N., Han, G. J., Pan, C. G., Zhang, Y. H., Shi, X. Z., Xu, J. Y., Lu, B., & Li, M. Q. 
(2016). Clinical research about airway pressure release ventilation for moderate to severe 
acute respiratory distress syndrome. European review for medical and pharmacological 
sciences, 20(12), 2634–2641. 
Lim, J., Litton, E., Robinson, H., & Das Gupta, M. (2016, August). Characteristics and outcomes 
of patients treated with airway pressure release ventilation for acute respiratory distress 
syndrome: A retrospective observational study. Retrieved July 04, 2020, from 
https://www.ncbi.nlm.nih.gov/pubmed/27020770 
Miller, K., Lindauer, L. R., Wu, J., & Marth, D. (2016). The Utilization of High Frequency 
Percussive Ventilation to Reduce Extracorporeal Oxygenation Membrane 
Support. Respiratory Care, 61(10), OF7. 
Neto, A. S., Cardoso, S. O., Manetta, J. A., Pereira, V. G., Espósito, D. C., Pasqualucci, M. D., . . 
. Schultz, M. J. (2012). Association Between Use of Lung-Protective Ventilation With 
Lower Tidal Volumes and Clinical Outcomes Among Patients Without Acute Respiratory 
Distress Syndrome. Jama, 308(16), 1651. doi:10.1001/jama.2012.13730 
Nieman, G. F., Satalin, J., Andrews, P., Habashi, N. M., & Gatto, L. A. (2016). Lung stress, 
strain, and energy load: Engineering concepts to understand the mechanism of ventilator-
induced lung injury (VILI). Intensive Care Medicine Experimental, 4(1). 
doi:10.1186/s40635-016-0090-5 
Radermacher, P., Maggiore, S. M., & Mercat, A. (2017). Fifty Years of Research in ARDS. Gas 
Exchange in Acute Respiratory Distress Syndrome. American Journal of Respiratory and 
Critical Care Medicine, 196(8), 964-984. doi:10.1164/rccm.201610-2156so 
Ranieri, V. M., Rubenfeld, G. D., Taylor Thompson, B., Ferguson, N. D., Caldwell, E., Fan, E., 
Camporota, L., & Slutsky, A. S. (2012). Acute Respiratory Distress Syndrome: The Berlin 
Definition. JAMA: Journal of the American Medical Association, 307(23), 2526. 
Roy, S. K., Emr, B., Sadowitz, B., Gatto, L. A., Ghosh, A., Satalin, J. M., . . . Nieman, G. F. 
(2013). Preemptive Application of Airway Pressure Release Ventilation Prevents 
Development of Acute Respiratory Distress Syndrome in a Rat Traumatic Hemorrhagic 
Shock Model. Shock, 40(3), 210-216. doi:10.1097/shk.0b013e31829efb06 
Sadowitz, B. (2016). Preemptive mechanical ventilation can block progressive acute lung 
injury. World Journal of Critical Care Medicine, 5(1), 74. doi:10.5492/wjccm.v5.i1.74 
Stock, M. C., Downs, J. B., & Frolicher, D. A. (1987). Airway pressure release 
ventilation. Critical Care Medicine, 15(5), 462-466. doi:10.1097/00003246-198705000-
00002 
Shaver, C. M., & Bastarache, J. A. (2014). Clinical and biological heterogeneity in acute 
respiratory distress syndrome: direct versus indirect lung injury. Clinics in chest 
medicine, 35(4), 639–653. https://doi.org/10.1016/j.ccm.2014.08.004 
Sun, X., Liu, Y., Li, N., You, D., & Zhao, Y. (2020). The safety and efficacy of airway pressure 
release ventilation in acute respiratory distress syndrome patients. Medicine, 99(1). 
doi:10.1097/md.0000000000018586 
Sun, X., Liu, Y., Li, N., You, D., & Zhao, Y. (2020). The safety and efficacy of airway pressure 
release ventilation in acute respiratory distress syndrome patients: A PRISMA-compliant 
systematic review and meta-analysis. Medicine, 99(1), e18586. 
https://doi.org/10.1097/MD.0000000000018586 
The NPDB Guidebook. (n.d.). Retrieved September 19, 2020, from 
https://www.npdb.hrsa.gov/guidebook/CDefinitions.jsp 
Villar, J., & Slutsky, A. S. (2010). Is acute respiratory distress syndrome an iatrogenic 
disease? Critical Care, 14(1), 120. doi:10.1186/cc8842 
Wright, B. J. (2014). Lung-protective Ventilation Strategies and Adjunctive Treatments for the 
Emergency Medicine Patient with Acute Respiratory Failure. Emergency Medicine Clinics 
of North America, 32(4), 871-887. doi:10.1016/j.emc.2014.07.012 
Yehya N, Topjian AA, Lin R, Berg RA, Thomas NJ, Friess SH (2014) High frequency 
oscillation and airway pressure release ventilation in pediatric respiratory failure. Pediatr 
Pulmonol 49:707–715 
Zhou, Y., Jin, X., Lv, Y., Wang, P., Yang, Y., Liang, G., . . . Kang, Y. (2017). Early application 
of airway pressure release ventilation may reduce the duration of mechanical ventilation in 





Appendix A: Survey 
 
  
I. Prevalence of using APRV on ARDS 
 
1. Are you aware of the Berlin definition of ARDS?   Yes       No 
2. In your hospital, do you have ARDS protocol?    Yes       No 
3. If yes, regarding your protocol, which of the following is used to define ARDS? 
a) American European Consensus Criteria (AECC) 
b) The Berlin definition Criteria 
c) Both 
d) No, we do not have ARDS protocol 
e) Other __________ 
 
4. Does your daily practice follow your hospital protocol? 
  Yes, I use the same protocol we have 
  No, I use different protocol 
5. Is APRV included in your ARDS protocol?     Yes       No 
6. In your hospital, do you have ventilators that have APRV mode?     Yes       No 
7. If yes, which type/s of ventilator have APRV? (select all that apply) 
a) Maquet Servo i, u (Getinge) 
b) Puritan Bennett 
c) Hamilton Galileo 
d) Drager Evita 
e) No, we don’t have APRV mode in our ventilators 
f) Other __________ 
 
8. In your hospital, do you have / use protocol for APRV? 
a) Yes, we have protocol, and we use APRV 
b) Yes, we have protocol, but we don’t use APRV 
c) No, we don’t have protocol, but we use APRV 
d) No, we don’t have protocol, and we don’t use APRV 
 
9. If yes, what are the initial settings for APRV? 
o T High ______ T Low______  P High______  P Low______ 
 
10. Have you ever used APRV mode on patients?   Yes       No 
11. If yes, on which type/s of patients? (select all that apply) 
a) ALI/ARDS 
b) RTA/ Traumatic 
c) Cardiac diseases 
d) Obstructive lung diseases (Asthma and COPD) 
e) Other __________ 
 
12. Which of the following is correct in regards to using APRV? (select all that apply): 
a) I use it, with physicians’ full trust 
b) I use it, and I suggested RTs and physicians to use it 
c) I use it, but with some physicians’ resistance 
d) I don’t use it, because I face some physicians’ resistance 
e) I don’t use it, because I don’t have knowledge and confidence 
f) I don’t use it, because I don’t believe in APRV 
 
13. Would you consider using APRV in severe ARDS cases? 
a) Sure, because it is safe 
b) Yes, as a last choice 
c) No, because it is harmful 
d) No, I am unfamiliar with the mode 
e) Other __________ 
 
14. In the majority of times you have used APRV on ARDS patients, which of the following 
best describe the outcomes?  
a) Patients revived and outcomes improved (improved means better oxygenation, 
better hemodynamics, PIP¯) 
b) Patients don’t improve, back to the conventional mode 
c) Patients died 
d) I haven’t used APRV 




On scale 1-5, How do you rate your knowledge about using APRV on ARDS patients? 
1□ Very poor       2□ Poor       3□Good       4□ Very good       5□ Strong 
 
 
II. Knowledge about APRV and ARDS 
 
1. Do you know what APRV mode is?   Yes       No 
2. APRV mode is referred to: 
a) Adaptive Pressure Regulated Ventilation 
b) Airway Pressure Released Ventilation 
c) Assisted Pressure Regulated Ventilation 
d) Airway Pressure Regulated Ventilation 
 
3. Based on your knowledge, which parameter/s is/are you manipulating to adjust the 
ventilation: (select all that apply) 
a) T High 
b) T Low 
c) P High 
d) P Low 
e) Respiratory Rate 
f) Intrinsic PEEP 
g) No, I didn’t use APRV and I don’t know the answer 
 
4. Based on your knowledge, which parameter/s is/are you manipulating to adjust the 
oxygenation: (select all that apply) 
a) T High 
b) T Low 
c) P High 
d) P Low 
e) Respiratory Rate 
f) Intrinsic PEEP 
g) No, I didn’t use APRV and I don’t know the answer 
 
5. APRV is known to improve oxygenation through changes of transpulmonary pressure 
that resulted from: 
a) Stretching TLow 
b) Shortening THigh 
c) Permitting spontaneous breathing 
d) All of the above 
 
1. Based on your knowledge, APRV is considered to be: 
a) An initial mode 
b) A rescue mode 
c) Both 
d) None of the above 
 
2. According to the Berlin definition, severe ARDS is defined as: 
a) Acute onset, bilateral lung infiltration, SpO2 ≤ 90% on PEEP ≥ 5 cm H2O 
b) Acute onset, bilateral lung infiltration, P/F ratio ≤ 200 mm Hg on PEEP ≥ 5 
cmH2O 
c) Bilateral lung infiltration, SpO2 ≤90%, P/F ratio ≤100 mm Hg on PEEP ≤5 
cmH2O 
d) Acute onset, bilateral lung infiltration, P/F ratio ≤100 mm Hg on PEEP ≥ 5 
cmH2O 
 
3. Based on your knowledge, what is the greatest cause of ARDS? 
a) Sepsis 
b) Pneumonia 
c) Lung contusion 
d) Multi organ dysfunction syndrome 
 
4. Based on your knowledge, if used properly, does APRV tends to injure the lung?  
  Yes       No 
5. Based on your knowledge, does spontaneous breathing plays a significant role in APRV?  
  Yes       No 
6. Based on your knowledge, is better oxygenation (PaO2, SPo2) always linked to better 





- Hospital type:  □ Government    □ Private 
- Hospital name: _____________________     
- Gender:   □ Male        □ Female    
- Years of experience: _______   
- Qualification:  □ Diploma □ Bachelor   □ Masters     □ PhD 
- Graduation country:  □ Saudi Arabia □ The United States □ Other:________ 
 
Thanks for agreeing to take part of this survey.  
If you have any question or suggestion about this survey, please write it down in the 
feedback section or through the contact information bellow:  
 





Contact information:  
• Mohammad Alobead: Malobead1@student.gsu.edu  Phone: +966561570609. 





Appendix B: Invitation Letter  
Dear Respiratory therapy directors, 
 
 
This is Mohammad Al Obead 
A master's student at the respiratory therapy department, Georgia State University,  
I would like to invite you and your RTs staff to participate in my survey through the link that attached at 
the end of the email. 
 
 
Title: KNOWLEDGE AND PREVALENCE OF USING APRV ON ARDS PATIENTS AMONG RESPIRATORY 
THERAPISTS IN THE EASTERN PROVINCE, SAUDI ARABIA.  
Principal Investigator:	Dr.	Lynda	Goodfellow	 
Student Principal Investigator:	Mohammad	Al	Obead  
  
Dear Respiratory Therapists:  
You are invited to take part in a research study. It is up to you to decide if you would like to take 
part in the study. The purpose of this study is to explore, quantify, and identify to what extent of RTs 
knowledge and how widely the APRV mode is used? The goals of this study are to survey RTs and 
assessing their knowledge of using APRV on patients with ARDS and exploring the prevalence of using 
APRV mode in the Eastern Province of Saudi Arabia.  
Your role in the study will take approximately 15 minutes or less of your time.	You will be asked to agree 
to be part of the study and to complete the survey. Participating in this study will not expose you to any 
more risks than you would experience in a typical day.		 
Participants will receive no direct benefit for participation in this study. Overall, we hope to gain 
information that will allow for an understanding of the level of RTs’ knowledge about the APRV mode on 
patients with ARDS. Also, to what extent does the APRV mode apply to patients with ARDS in the 
Eastern Province of Saudi Arabia. These are important to determine in order to promote a better 
understanding of managing patients with ARDS.  
  
Please note that your participation is voluntary and that you are free to withdraw at any time without 
giving any reason. Your medical care, job status, and legal rights are all not being affected. If you do not 
wish to take part in this study, you may check the disagree button.  
  
Purpose  
The purpose of the study is to explore, quantify, and identify to what extent of RTs knowledge and how 
widely the APRV mode is used? The goals of this study are to survey RTs and assessing their knowledge 
of using APRV on patients with ARDS and exploring the prevalence of using APRV mode in the Eastern 
Province of Saudi Arabia. You are invited to take part in this research study because you are a 
Respiratory Therapist who is the most involved in this disease process and its management. A total of 
100 people will be invited to take part in this study.	  
  
Procedures	  
If you decide to take part, you will be asked to click the link and check the agree button. After that, you 
will be asked to fill out the questionnaire.	  
• The survey consists of 3 parts.  
• A total of 25 questions will be asked.	  
• The questions are provided with options.  
• Please select/ check the best option in favor of each question.	  
• This survey will take about 10-15 minutes to complete.	  
• Your response will be used for research purposes and will be strictly confidential and 
anonymous.  
  
Voluntary Participation and Withdrawal	  
You do not have to be in this study. If you decide to be in the study and change your mind, you have the 
right to drop out at any time. You may skip questions or stop participating at any time.	You may refuse 
to take part in the study or stop at any time.		 
	 
Contact Information	  
Please Contact	Dr.	Lynda	Goodfellow	at	LtGoodfellow@gsu.edu	or 404-413-1000 in case any of the 
following occur:  
• If you have questions about the study or your part in it.  
• If you have questions, concerns, or complaints about the study.  
  
The IRB at Georgia State University reviews all research that involves human participants. You can 
contact the IRB if you would like to speak to someone who is not involved directly with the study. You 
can contact the IRB for questions, concerns, problems, information, input, or questions about your 
rights as a research participant. Contact the IRB at 404-413-3500 or	irb@gsu.edu. 	  
	Consent  
Your completion and submission of the survey implies that you agree to participate in this research. 
Please note that you may withdraw at any time by not completing or by clicking the disagree button.  
Thank you in advance for your cooperation  
Sincerely,	  
Lynda T. Goodfellow, EdD, RRT, AE-C  







Appendix C: Informed Consent 
  
Georgia State University 
Informed Consent 
 
Title: KNOWLEDGE AND PREVALENCE OF USING APRV ON ARDS PATIENTS AMONG RESPIRATORY 
THERAPISTS IN THE EASTERN PROVINCE, SAUDI ARABIA. 
Principal Investigator: Dr. Lynda Goodfellow 
Student Principal Investigator: Mohammad Al Obead 
 
Dear Respiratory Therapists: 
You are invited to take part in a research study. It is up to you to decide if you would like to take 
part in the study. The purpose of this study is to explore, quantify, and identify to what extent of RTs 
knowledge and how widely the APRV mode is used? The goals of this study are to survey RTs and 
assessing their knowledge of using APRV on patients with ARDS and exploring the prevalence of using 
APRV mode in the Eastern Province of Saudi Arabia. 
Your role in the study will take approximately 15 minutes or less of your time. You will be asked to agree 
to be part of the study and to complete the survey. Participating in this study will not expose you to any 
more risks than you would experience in a typical day.  
Participants will receive no direct benefit for participation in this study. Overall, we hope to gain 
information that will allow for an understanding of the level of RTs’ knowledge about the APRV mode on 
patients with ARDS. Also, to what extent does the APRV mode apply to patients with ARDS in the 
Eastern Province of Saudi Arabia. These are important to determine in order to promote better 
understanding of managing patients with ARDS. 
 
Please note that your participation is voluntary and that you are free to withdraw at any time without 
giving any reason. Your medical care, job status, and legal rights are all not being affected. If you do not 
wish to take part in this study, you may check the disagree button. 
 
Purpose 
The purpose of the study is to explore, quantify, and identify to what extent of RTs knowledge and how 
widely the APRV mode is used? The goals of this study are to survey RTs and assessing their knowledge 
of using APRV on patients with ARDS and exploring the prevalence of using APRV mode in the Eastern 
Province of Saudi Arabia. You are invited to take part in this research study because you are a 
Respiratory Therapist who is the most involved in this disease process and its management. A total of 
100 people will be invited to take part in this study.  
 
Procedures  
If you decide to take part, you will be asked to click the link and check the agree button. After that you 
will be asked to fill out the questionnaire.  
• The survey is consisted of 3 parts. 
• A total of 25 questions will be asked.  
• The questions are provided with options. 
• Please select/ check the best option in favor of each question.  
• This survey will take about 10-15 minutes to complete.  
• Your response will be used for research purposes and will be strictly confidential and anonymous. 
 
Voluntary Participation and Withdrawal  
You do not have to be in this study. If you decide to be in the study and change your mind, you have the 
right to drop out at any time. You may skip questions or stop participating at any time. You may refuse 
to take part in the study or stop at any time.  
 
Contact Information  
Please Contact Dr. Lynda Goodfellow at LtGoodfellow@gsu.edu or 404-413-1000 in case any of the 
following occur: 
• If you have questions about the study or your part in it. 
• If you have questions, concerns, or complaints about the study. 
 
The IRB at Georgia State University reviews all research that involves human participants. You can 
contact the IRB if you would like to speak to someone who is not involved directly with the study. You 
can contact the IRB for questions, concerns, problems, information, input, or questions about your 
rights as a research participant. Contact the IRB at 404-413-3500 or irb@gsu.edu.   
 Consent 
Your completion and submission of the survey implies that you agree to participate in this research. 
Please note that you may withdraw at any time by not completing or by clicking the disagree button. 
Thank you in advance for your cooperation 
Sincerely,  
Lynda T. Goodfellow, EdD, RRT, AE-C 
Mohammad Al Obead, Bs RT 
Please note: If you agree to participate in this research, please continue with the survey. 
You can print a copy of the form for your records. 
o I Agree 




Appendix D: IRB Approval 
  
INSTITUTIONAL REVIEW BOARD 
 
 
Mail:       P.O. Box 3999                In Person:  3rd  Floor 
Atlanta, Georgia  30302-3999                          58 
Edgewood Phone:     404/413-3500                  FWA:        
00000129 
 
October 20, 2020 
 
Principal Investigator: Lynda T Goodfellow 
 
Key Personnel: Al Obead, Mohammad A; Goodfellow, Lynda 
T Study Department: Respiratory Therapy 
Study Title: KNOWLEDGE, PERCEPTION, AND PREVALENCE OF USING APRV ON 
ARDS PATIENTS AMONG RESPIRATORY THERAPISTS IN THE EASTERN 
PROVINCE, SAUDI ARABIA. 
 
Review Type: Exempt Amendment 
 
IRB Number: H21168 
 





Status Check Due By: 
10/08/2023 
 
Amendment Effective Date: 
10/16/2020 
 
The Georgia State University Institutional Review Board reviewed and approved 
the amendment to your above-referenced Study. 
 
This amendment is approved for the following modifications: 
 
 !I want to add " hospital name" to the survey. 
 
The amendment does not alter the approval period which is listed above and a status update 
must be submitted at least 30 days before the due date if research is to continue beyond that 
time frame. Any unanticipated problems resulting from participation in this study must be 
reported 
to the IRB through the Unanticipated Problem form. 
 
For more information, visit our website at www.gsu.edu/irb. 
 
Sincerely, 
Jamie Zaikov, IRB Member 
 
 73 
 
 
 
